The aim of this study was to assess resistance to some of the major sweet pepper pathogens [Phytophthora capsici, Pepper yellow mosaic virus (PepYMV) and Meloidogyne incognita] in a group of experimental hybrids and their respective parental lines, and to identify hybrids possibly resistant to all three pathogens. Ten parental breeding lines, thirty experimental hybrids and seven commercial controls (Konan-R, Magali-R, Martha-R, Stephany, Mallorca, Magnata Super and Criollo de Morelos-334) were used. Each experiment was set up in a randomized complete block design with three replications and plots consisting of 16 plants. For assessment of resistance to P. capsici and PepYMV, the percent of asymptomatic plants was considered. In evaluating reactions to M. incognita, both the nematode reproduction index and the nematode reproduction factor were calculated. Five hybrids were found with resistance to all three pathogens. For all three pathogens, there was evidence that hybrids with two resistant parental lines showed slightly higher levels of pathogen resistance than those with only one resistant parental line.
Research
Hortic. bras., v35, n.1, Jan. -Mar. 2017 T here has been a significant increase in sweet pepper production in Brazil in recent years (Nogueira, 2010) . The most highly used cultivars are F 1 hybrids. The main reasons for growing use of these hybrids are because of: (a) heterosis for yield in sweet peppers (Nascimento et al., 2004 (Nascimento et al., , 2010 Gomide et al., 2008) , and (b) greater resistance of hybrids to diseases as a result of the dominant nature of the genes that control these resistances, a fact which favors acquisition of multiple resistances through being able to more easily associate, in a single hybrid, the resistances normally found in separate parents.
One of the main problems of growing sweet peppers in Brazil is the occurrence of diseases. The fungus Phytophthora capsici, the potyvirus and the nematode Meloidogyne incognita stand out as pathogens of importance. P. capsici is the causal agent of the disease known as wilt, blight or root rot, one of the most destructive diseases of this crop throughout the world (McGregor et al., 2011) . Among the potyvirus, PepYMV (Pepper yellow mosaic virus) is of greatest prevalence in the country (Lucinda et al., 2012) , causing yellow mosaic virus in sweet peppers. Meloidogyne incognita may lead to the greatest damage in sweet pepper because it occurs most frequently in crop fields (Lopes & Ávila, 2003) .
Genetic resistance to these plant pathogens is one of the most efficient ways of minimizing damages, as well as having less impact on the environment. The existence of genetic variability in the Capsicum genus has CARVALHO allowed the introduction of resistance to these pathogens in sweet pepper cultivars (Candole et al., 2010; Fazari et al., 2012; Nogueira et al., 2012) . In general, genetic resistance to these plant pathogens may be exploited in hybrid combinations because studies show that genetic control of resistance is usually due to the presence of dominant alleles, with monogenic inheritance (Echer & Costa, 2002; Monroy-Barbosa & Bosland, 2008; Thies & Ariss, 2009 ). Currently, sweet pepper cultivars in Brazil show resistance to only one or two of the pathogens. Hybrids resistant to potyvirus are more common; less frequent are those with double resistance (to both potyvirus) and to P. capsici. Cultivars with resistance to M. incognita are practically non-existent.
The aim of this study was to assess experimental sweet pepper hybrids and their parental lines in regard to reactions of resistance to Phytophthora capsici, Pepper yellow mosaic virus (PepYMV) and Meloidogyne incognita; and identify hybrids possibly resistant to all three pathogens.
MATERIAL AND METHODS
Genetic material consisted of 47 sweet pepper genotypes: 10 lines (used as parents in obtaining experimental hybrids), 30 experimental hybrids, and seven commercial controls (Konan-R, Magali-R, Martha-R, Stephany, Mallorca, Magnata Super and Criollo de Morelos-334). The control Criollo de Morelos-334 was resistant to the three diseases, and Magnata Super was susceptible to the three. The parental lines and their presumed characteristics are described in (Fery et al., 1998) In assessment of reactions to Phytophthora capsici, the isolates Pc11 and Pc31 of the pathogen, granted by the company Sakata Sudamerica/Agroflora, Bragança Paulista-SP, Brazil (originally collected in the region of Bernardino de Campos-SP and Santa Cruz do Rio Pardo-SP, respectively), were kept in test tubes containing PDA medium (Potato Dextrose Agar) and stored in a BOD (Biochemical Oxygen Demand) chamber. Maintenance and production of the inoculum were carried out according to Nascimento et al. (2007) .
Inoculations were carried out on seedlings kept in Styrofoam trays, obtained as described above. An inoculum concentration of 10 4 zoospores/mL was used, applying 5 mL of the suspension in each tray cell, near the root collar of the plants at 40 days after germination. After inoculation, assessments were made as of the third day after inoculation, extending to the 15 th day. Scores were attributed for each plant ranging from 1 to 3, with 1= Healthy, 2= Necrosis and wilting; 3= Leafless and dry. The plants that had a score of 1 in assessment at day 15 were considered as being asymptomatic.
In the experiment of assessment of reactions to PepYMV, a potyvirus isolate was used, serologically designated as PepYMV, granted by the company Sakata Sudamerica and obtained in the region of Lins-SP, derived from sweet pepper plants with systemic symptoms and naturally infected. To maintain the isolate, Turkish "TNN" tobacco plants and sweet peppers of the Ikeda cultivar (susceptible to PepYMV), previously infected with PepYMV, were stored in desiccators with silica-gel and also in liquid nitrogen in an ultra-freezer at -80ºC. For production of the inoculum, multiplication was carried out in tobacco plants of the cultivar TNN, kept in screened greenhouses and replaced at intervals no greater than two months.
For inoculation in sweet peppers, tobacco leaves infected with PepYMV, used as a source of inoculum, were macerated in a 0.01 M phosphate buffer, pH 7.0. Then the sweet pepper plants to be tested were sprinkled with silicon carbide (400 mesh) and, afterwards, the plant extract solution was applied by rubbing the thumb on the leaves. After inoculation, the plants were irrigated and kept in greenhouses with plastic covering and screened sides. Two inoculations were carried out to avoid possible escapes; the first when the plants reached the first fully-expanded definitive leaf stage, and the second at seven days after the first.
Assessments were carried out weekly, from the 15 th to the 40 th day after the first inoculation, for a total of five assessments; definitive assessments were taken as those made on the 40 th day. Scores were attributed to each plant ranging from 1 to 5, with 1= no symptoms; 2= loss of color in the intervein area; 3= light mosaic; 4= well developed mosaic, without leaf deformation; 5= yellow mosaic, blistered, with leaf deformation. Plants that had a score of 1 on the assessment of the 40 th day were considered to be asymptomatic.
In assessments of reactions to M. incognita, the reproduction index and the reproduction factor of the nematode were calculated. The isolate known as M. incognita was used as a source of inoculum, which was previously multiplied and kept on the susceptible tomato Solanum lycopersicum, Santa Clara cultivar. The eggs of the nematodes were extracted following the method of Bonetti & Ferraz (1981) . The roots containing galls of the tomato plant were cut in pieces of approximately 0.5 cm length and ground up in a blender for 40 seconds with a sodium hypochloride solution at 0.5%. Then, the solution containing the eggs was poured into a sieve with mesh openings of 0.074 mm, over a sieve with a mesh of 0.028 mm. The eggs were subjected to complete washing under running water.
The nematode eggs, retained in the sieve with the smaller mesh, were collected and quantified in a stereo microscope. The plants were inoculated 15 days after germination using an automatic syringe for veterinary use. For inoculation of each seedling in the trays, an aliquot of solution containing 1208 viable eggs was used, quantified by eclosion chambers.
Assessments were made at 60 days after inoculation, following the method of Bonetti & Ferraz (1981) . The number of eggs/gram of root was calculated by dividing the number of eggs by the fresh weight of the root. The value of the reproduction index was calculated as follows: [number of eggs per gram of root of each experimental unit (plot)/ mean number of eggs per gram of root of the tomato plants TOM-584] x 100. The value of the reproduction factor was calculated as follows: final population/ initial population of viable eggs.
The data were subjected to analysis of variance and, when significant, the mean values were compared by the Tukey test and Dunnett test at 5% probability.
RESULTS AND DISCUSSION
Except for the lines PIX-044B-01-01 (for PepYMV), Carolina Wonder and Charleston Belle (for P. capsici), and Myr-29-09-05 (for M. incognita), all the others exhibited the expected or presumed reactions in relation to P. capsici, PepYMV and M.incognita (Tables 2 and 3) .
PIX-044B-01-01, PIX-044B-13-01, PIX-045B-27-02, PIX-045B-32-03, PIX-052B-06-01 and PIM-013 did not differ from the resistant control Criollo de Morelos-334 in regard to reaction to P. capsici, but they differed significantly in regard to the susceptible control Magnata Super, and were thus considered resistant to the pathogen ( (Fery et al., 1998) , and may presumably be explained by the presence of one or more genes that confer this resistance. The other lines showed susceptibility to P. capsici, not differing from Magnata Super; the percentage of asymptomatic plants was near zero.
Inoculations with PepYMV showed that the lines PIX-044B-13-01, PIX-045B-27-02, PIX-045B-32-03, PIX-052B-06-01, Myr-29-09-05 and Myr-29-11-8 may be considered resistant to the pathogen since they showed percentages of plants without mosaic symptoms at or near 100%, not differing from the resistant control Criollo de Morellos-334 ( (Echer & Costa, 2002) , and PIX-044B-01-01 corresponds to an F 4 family, an explanation for this result would be the fact that the line constitutes a segregating family for resistance to the virus.
Inoculations with M. incognita showed that three of the parental lines tested (Carolina Wonder, Charleston Belle and Myr-29-09-05) have high levels of resistance to the nematode, with reproduction indices (RI%) and reproduction factors (RF) near zero, which did not differ from the resistant control Criollo de Morellos-334 (Table  3 ). All the other parental lines tested did not differ from those found in the Of the 30 experimental hybrids tested in regard to reaction to P. capsici, four [F1(PIX-044B-01-01 x PIM-013), F1(PIX-044B-13-01 x PIX-052B-06-01), F1(PIX-045B-27-02 x PIX-052B-06-01), F1(PIX-045B-32-03 x PIX-052B-06-01)] had two parental lines confirmed as highly resistant -29-11-08) 93.8 ab ns ** 100 a ns ** F1(PIX-044B-01-01 X PIM-013) 100 a ns ** 86.3 abc ns ** F1(PIX-044B-13-01 X PIX-052B-06-01) 100 a ns ** 100 a ns ** F1(PIX-045B-27-02 X PIX-052B-06-01) 100 a ns ** 100 a ns ** F1(PIX-045B-32-03 X PIX-052B-06-01) 100 a ns ** 88.9 abc ns ** (Table 2) . Such hybrids showed 100% asymptomatic plants after inoculation, a level comparable to those of the per se resistant lines, to that of the resistant control Criollo de Morelos-334, and to those of the resistant commercial hybrids Konan-R, Marta-R, Stephany and Mallorca. In contrast, 22 hybrids that had only one parent highly resistant to P. capsici in their constitution showed from 64.6% to 100% asymptomatic plants, always differing significantly from the susceptible control Magnata Super, but in some cases coming to be significantly less than those presented by the resistant control Criollo de Morellos-334. It is clear that the mean level of resistance of these hybrids is slightly less than that obtained in hybrids in which both parents are resistant. The allelic relations between the genes that control resistance to P. capsici in the resistant lines PIX-044B-01-01, PIX-044B-13-01, PIX-045B-27-02, PIX-045B-32-03, PIX-052B-06-01 and PIM-013 are not known, nor is it known if inheritance of the trait is monogenic. If the resistances in these cases are controlled by the same gene, it would 3 Control susceptible to Meloidogyne incognita. ns ,**,*= not significant, significant at 1% probability, and significant at 5% probability by the Dunnett test, respectively. be concluded that the homozygote would be slightly more resistant than the heterozygote, indicating incomplete dominance of the resistance allele. However, even if this allelism is not confirmed, an allelic dosage effect is clear since two resistant parents produce more resistant hybrids than those in which only one parent has resistance. Similar results were found for some genotypes evaluated in a study of Nascimento et al. (2007) .
Four None of the 30 experimental hybrids tested in regard to reaction to PepYMV were composed of two susceptible parents such that, in all cases, the percentages of asymptomatic plants ranged from 61.9 to 100%, significantly higher than the values of 0% found in the susceptible genotypes Carolina Wonder, Charleston Belle, PIM-013 and Magnata Super ( Table 2) .
Eleven of the experimental hybrids tested [F1(PIX-044B-13-01 x MYR-29-11-08), F1(PIX-045B-27-02 x MYR-29-11-08), F1(PIX-045B-32-03 x MYR-29-11-08), F1(PIX-052B-06-01 x MYR-29-11-08), F1(PIX-044B-13-01 x PIX-052B-06-01), F1(PIX-045B-27-02 x P I X -0 5 2 B -0 6 -0 1 ) , F 1 ( P I X -045B-32-03 x PIX-052B-06-01), F1(PIX-044B-13-01 x MYR-29-09-05), F1(PIX-045B-27-02 x MYR-29-09-05), F1(PIX-045B-32-03 x MYR-29-09-05), and F1(PIX-052B-06-01 x MYR-29-09-05)] had both the constituent parental lines with maximum levels of resistance to PepYMV (Table 2) . These hybrids showed levels of resistance comparable to those of their constituent lines, as well as to that of the resistant control Criollo de Morellos-334 (asymptomatic plants from 88.9 to 100%). In contrast, in the hybrids produced from one parent highly resistant to PepYMV and one susceptible parent, the percentage of asymptomatic plants ranged from 74.9 to 100%, and in four of these cases, this percentage was significantly less than that obtained for Criollo de Morellos-334 and for the respective resistant parental line. These results suggest that the allele(s) that control(s) resistance to PepYMV has(have) incomplete dominance, and that slightly greater levels of resistance may be obtained in hybrids when both the parents are resistant. In a similar study of assessment of resistance to PepYMV, Nascimento et al. (2007) obtained results similar to those observed here for some genotypes assessed. The lowest level of resistance found in the experimental hybrids was that of the hybrid F1(PIX-044B-01-01 x Charleston Belle) (61.9% asymptomatic plants), in which the resistant parent itself (PIX-044B-01-01) showed intermediate levels of resistance (78.3% asymptomatic plants), a reflection of line PIX-044B-01-01 possibly not being homozygous for the trait in question.
Of the 30 experimental hybrids tested in regard to reaction to M. incognita, twenty were obtained from at least one resistant parent: Carolina Wonder, Charleston Belle or Myr-29-09-05, and they had reproduction indices (≤6.2%) and reproduction factors (≤1.8) that did not differ from those of the respective resistant lines nor from that of the control Criollo de Morelos-334, but they were significantly less than those of the susceptible control Magnata Super (Table 3 ). The commercial hybrids (Konan-R, Magali-R, Marta-R, Stephany and Mallorca), as well as 10 other experimental hybrids in which both the parental lines were susceptible, like the control Magnata Super, also proved to be susceptible to the nematode, with reproduction indices ≥136% and reproduction factors ≥29.9. The amplitudes of variation of the reproduction indices (RI%) and of the reproduction factors (RF) among the resistant lines was 0.2≤RI%≤2.7 and 0.0≤RF≤0.3, amplitudes similar to those found for the hybrids [F1(Carolina Wonder x MYR-29-09-05) and F1(Charleston Belle x MYR-29-09-05)], composed of two resistant parents. The hybrids in which only one of the parents is resistant to M. incognita showed slightly greater amplitudes of variation for RI% and for RF, 0.1≤RI%≤6.2 and 0.0≤RF≤1.8. An allelic dosage effect is evident; two alleles for resistance in the same hybrid confer a slightly higher level of resistance than when only one allele is present. In the case of allelism between the N gene present in Carolina Wonder/Charleston Belle (Fery et al., 1998) and the resistance allele present in MYR-29-09-05, it may be concluded that the degree of dominance of the gene is incomplete, however very near 1.
Five hybrids were identified with simultaneous resistance to P. capsici, PepYMV and M. incognita: F1(PIX-044B-01-01 x Carolina Wonder), F1(PIX-044B-13-01 x Carolina Wonder), F1(PIM-013 x MYR-29-09-05), F1(PIX-045B-32-03 x MYR-29-09-05) and F1(PIX-052B-06-01 x MYR-29-09-05). From the perspective of varietal resistance to the three pathogens, the four last ones are ready to be introduced on the market since their levels of resistance for each one of the pathogens are comparable to those of the best resistant genotypes. The hybrid F1(PIX-044B-01-01 x Carolina Wonder) would require previous selection within the line PIX-044B-01-01 with a view toward homozygosity for resistance to PepYMV.
For all the pathogens, P. capsici, PepYMV and M. incognita, there was evidence that hybrids with two resistant parental lines show levels of resistance slightly greater than those with only one resistant parental line. The case of allelism between the various sources of resistance used for each pathogen may be explained by gene activity of incomplete dominance.
